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(57) Dans unc methode pour prepare des caie ga- 
by dro\"y esters d'acidcs cartovyliques insaxurcs en aJpha, 
beta, on traitc un es'.er vinyloxy de I'acide -arboxylique 
par un scide fort cn presence d'un alcool, rmp.rrrrt-r t m 
1,2-diol ou un 1,3 -dial. 



(57) In a process for preparing .ome^*. -hydroxy esters cf 
. alpha. ..bcLa.-uasaturaied carboxylic acids, a vinyloxy 
ester cf the carboxytic acid is -oied viith a strong acid 
in the presence cf an alcohol, in particular a 1 ,2-d;oI or 
i.j-dioL 
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Abstract 



In a procooe for preparing ui-hydrorys» tc rs cx a,P-u:io tturatcd 
carboiylic tcidn, a vlnyloxy eator of the carkoxylic dcld is 
treated with a strong ac'.d in the presence of an alcchol, in 
particular a 1,2-dioL ot 1,3-diol. 
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Prnparation of tir-hydroxyiiatcra of a , p-unsatura ted carboxylic 
ac ids 

Tho prosent Itrrention rotates to a process for preparing 
cj-hydroxy»atara of a, p-unaatur at od caxbcxylic acids, 

Hydroxy-f urvctional estcra of a , £-unsa turated carboxylic acids, in 
1C particular hydroxy- functions 1 ( re t>. } aery Latea , aro important 
comononera for polymers which ara u<ed, for cxaz*ple,.in paint 
dispors ions, as coating reeinn or for preparing poiyur«5thane 
r 



15 cs-3-1 255 104 disclosos preparing |J- hydroxy* Dtyl esters of 
acrylic and r«thacrylic acid fro.n the corresponding acid and 
1 , 2-alky lenc cxides (eg, ethylene* oxido or propyleno oxide). Tho 
procena haa tbe disadvantage that gaseous ethylene oxide or 
propyleno cxid* cust bo handled. ;n addition, lor:gar-cha in 

20 <y-hydroxyaljcyl esters of a, f-uns aturtted carboxyllc acids cannot 
be prepared in a similar raanner. 

DE-B-1 513 572 and EP-A-465 B53 dascriba processes for preparing 
ii>~hydroxye3ter3 by acid-c Ataly zed esterif icat ion of diola vith 
5 acrylic or oe tKacrylic acid. Eowevsr, &t a disadvajitaga in these 
e.iter if icatiea processes, cyclic ethers are formed as byproducts. 
Ao is disclosed, for exaspla, by Houbon-Heyl, Kathodsn der 
Orcanir.chen Cbssaia, (Kathoda in organic chealstry] VI/3, 1965 , p. 
528,, 1 , 4-buta.oediol , in tha pieaenca o£ strong acidc, produces 
30 the cyclic otbsr tetxahydrofurin , vhich haa v*»ry lev 

biodogradab.\ lit7 and is thus an envirorasntal pollatiat. 

Since the diols have two ecaivalent hydroxy Is, in tbu 
3S ester i fication, even in the event of a great diol exesoc, 

considt*rabla cscrunto of th« corresponding diesters ara elvaya 
fcraod, as is discloeed by EP-A-4S5 853, p. 3, lines 25-34 . 
Fractionation of the ea tar if ication aixture by distillation in 
rot generally possible, because of the s=all belling point 
differences aj^d rha high boiling points, Bince tha waters of a, 
p-un saturated carboxylic acids, and in particular tha eaters of 
acrylic and sstluicrylic acid, ai/a kr.ovn to polyrnerirn very 
readily at elevated temperatures . 

45 Fractionating esteri f icat icn fixture using column chromatography, 
£3 ia disclosed, for exaspls, by KaXrcaol . Chea. Rapid Ccszxn., 9 
(1933), (7), pp. 503-5 11 , ar.d er. = y=i*tic hydrolysis c£ the 
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dieoters to give the corresponding montwBturs of th* dJola, 
disclosed by JP-A-63 2 37 79 1, «re not industrially end 
economically expedient, bocouao of the low spacc-tiiMi yields and 
the high solvent requirement. 

Diol, monoeater end dieoter can be separated, as ditcloaed by 

465 853 , by extracting diflster with en organic (solvent And 
washing the extract with water to oepsrate- off the co-extracted 
monocster. Sinco high water solubility of tho nonoeeter is a 
prercquirament, this process is raetrictcd to preparing eaters of 
\.-aath ) aery lie acid with short-chain diols. 



EP-A-465 853 alao discloses preparing 4-hydroxybuty 1 
15 ( me th ) aery Lata in the presence of large amounts of 1 , 4 -butanediol 
di (raeth ) acrylate , in order to increase the yield of raonoister. It 
is a disadvantage in this process that the large vrcunts of 
diester also have to b-s ccsrpletely rer-oved again and recycled to 
the esterif ication, ie. that large shunts of diester have to be 
20 recircrijlated - Ko details are given on the diester content in the 
monoester. 

DS-A-4 228 397 doscribes a process for preparing hydroxyalkyl 
(iceth) acrylatea by reacting the corresponding hydroxy alkyl 
25 Glides with (meth) acrylic salts. Owing to the uea of halogen 
coinpounds and oalt foroaticn, this proca3n is not haraleca frora 
tho ecological viewpoint. In addition, dieater-free ronoester Is 
not fonr-ed - up to 21 of diester is formed {p. 3, line 24). 

30 US-A-2 877 264 describes a process for preparing hydroxyalkyl 
acrylates and csthacry lates by acid hydrolysis of the 
corresponding viny loxyalkyl (rath ) acrylates {vlnylether 
cleavage). Rcvever, the yield leaves scathing to be desired; in 
the case of 1 , 4-bu tanediol it i3 only 35-51%. Further 

35 disadvantages are the high water requirement ot the process end 
the necessity of using an additional solvent. Beth coaplicata the 
work-up and pollute the environment. 
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U3-A-2 632 256 disclose* preparing vinyloxyalkyl esters of 
unsaturated caxborylic acids by transes ter if icatioo from the 
corresponding vinyloxy alcohols and esters of a, p-uns aturated 
csxbcKylic acid3 with lover alcohols in the presence of alkalina 
rr^tal elkoxides or quaternary asnraniua alkosidas. Disadvantages 
here are tho laborious vork-up end the unsatisfactory yields. 
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It i* an obj»?Ct cf the preaont invention to provide an 
environmentally acceptabin and ^crwrally applicable process for 
preparing u>-hydr osyou tor ■ of a , fJ- unaatur ated carboxy.lic acidi in 
hiah yiald and purity, in vhich no undesirable byproducts ■uch aa 
5 cyclic othora or dioaters arc produced. 

Wo hftva found that this object ia achieved by e process for 
prep&ring ej-hydroxyes tors o£ u , $ - unsttura ted carbcxylic acids, i 
which 

'° a) an aate:: ot the a , fi-unsaturated carboxylic acid ia 

tranaea tar i I ied by a viny loxy-ccntaining alcohol in the presence* 
of basic catalysts tc give tha corresponding vinyloxy carboxyllc 
eater and b) the vinyloxy csrboiylio ester ia reacted in the 
presence of strong acids as catalyst to givo th« corresponding 

* 5 w-hydroxyeotar, which co^piricea carrying out ntep b) in th« 
presence of an alcohol, preferably a 1,2-diol or a 1,3-diol. 

The course of the reaction is illustrated by reaction ocheraft 1. 
2^ The 1,2-diol uaed here as an example io ethylene glycol. 

React i cr. scheme 1 



25 



30 



- oca 



CHj-CH-O-A-OQ 
bas. cat 



R>-CE= C- C-O-A- 0-CH = CH 2 
! 3 
R J O 



(II) 



(IIIJ 
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ia oh 



jO-ck-^c-c-o-a-cs 



^ O 



- CH 3 — < "I (r;j 
o— J 



where 

45 

R 1 ia R , or Ci-C^alkyl , 

ia H or CH 3 , 
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io C 2 -C, r aUyUn9 ( preferably C,-C t -«. 1 ky leno , 

— ch ; 1h(och 2 (!:kh- ; 
or -(CH i ) 0 -a-(CR 3 ) p - ; 

ia Ci-Ct-zllyl, preferably CH 3 or C 2 H 5 , 



R) H or CH 3 , 

B ia an arylene, preferably phenylene, eye loa Iky 1 en e , 

proforably cyclcpenty lene or cyclohexy J.ene, or an 
15 oxygen; 

n iff a number in the range frcn 1 to 10; 

o ond p independently of one another are a number in the ranee 
from 1 to 5. 

20 The alkyla are unbranch*d ot branched radicals such as oethyi 
ethyl, n-propyX, isoprupyl, n-butyl, iacbutyl, sec-b-Jtyi 
tert-butyl, n-pentyl, isopentyl, n-hexyl and isohexyl. 
Cj-Cu-alkylane is unbranched or branched C 2 -C n -alxyXene, B u-h as 

2S ethylene, n-propylane, n-butylene, 2-oethylpropyle no 

n-pantylane. 2, 2-dir*th y ipropylene , n-hexyl enfe , n-heptylerw 
3,3-disuethylpentylene, n-octyler.«, n-nonylene, n-decylene 
n-i:ndecylen« and n-dodecy lene . * 

30 Alcohols vhich can bo uoed for the tran.e.ter if ication reaction 
m step a) or ft< io particular. 1 , 4 -disathyioXcyclohexana 
noncvlnyX ethar, 1, 4-di*ethyXolb«nzene oonovinyl ether, 
5-vinylosrypentanol, 6-»inyloryhexanol a^d, particularly 
preferably, 4-vinyloxybut anol . Preferably, alcohol and ester 

35 exponents are oscd in a nol* z ratio of froa about 1:1.5 to 1UQ 
particularly preferably frra about 1:2 to 1:6. 

Basic tranoesterification catalyets are kn<™ to these skilled I* 
t.e art. Suitable exiles are alkaline r«tal alkoxides, aU ch as 
po.ai.ium t-butoxide, codiuz; oethoxide, sodiua ethoxide and 
potassium propoxid*, as well a 3 quaternary ^niura alkoxides 
such as tetraaethyXaranoniua wthoxide, tetraaethyl a^oniu=i ' 
tert-butoxide, t ri^ thy 1 benzyl arroniuo ethoxide and, in 
particular, zirconiun acetylacetonates , dialkyltin oxides, 

CaCl 2 , or lithium oxide or hydroxide, or calciuz: ox-, o- 
hydroxide, or nuxtcres of tha(se , and, particularly preferably, 
CA Oil: 1543 1997- ] 2- 1 : 
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titanium* ftlXoxidoo. The catnlysto are oxp«tdt trstly ugid in an 
orwunt of iTrors 0.05 to \0\ by voiolit, in particular from 0.1 to 
S\ by v«i«jht, In each cn.ia b*3«d on the reaction pvixtura. 

5 Th-5 polyrsorixation inhibitors used are, eg. pficnoth 1 .i = lnc , 

hydcoqu ir.one , hydroc*,uxnon» Bonooothyl «thcr, or m.-.xturco of th«so 
with or vithout air (fron 0.1 to 10 1/hour x 1) in an ajnount of 
froa J00 to 5000 ppci, based on tho reict.ion nixtu-a. 

iy 

The tranaoaterif icat ion reaction temperature is ginprally froa 
tbcut SO to 150°C, preferably froa about 70 to U3°C. 

The reaction tiute can be varied ir. oroad range. It is generally 
1 5 froa about 1 to 10, preferably trc... about 1 to 6 hours. 

The reaction can ba carriod out under eUrioaphcric , 

super atJT*)ftpher ic or reduced pressure;. It can be carried out 

continuously or batchvise. 

20 

Ths reaction is carried out in conventional apparatuses, eg. in a 
haatablc etirrad reactor, which rxay i>a equipped with a 
distillation apparatus and condenser. The reactor contents are 
mixed by stirring or by other conventional and appropriate 

The alcohol Q-OH forced in the traasea terif icstion is preferably 
continuous ly distilled off from the ro act ion idxtarc, if 
2 0 appropriate ag an aaectrope, together with tho starting eater. 

The vinylcxy carboxylic esta.r fonnad by the truises tar if icat ion 
can be obtained from thts reaction oixture without prior rtaoval 
of catalyst or neutral ixation in a conventional susnner, eg. by 
35 distillation in a 3ieve-tray column. 

In step b) , in principle any alcohol can be'used, but preferably 
1,2-diols and 1,2-diolo, but preferably thoza diols vhosa ecetal 
boils below tho rsactioa product. Generally, an a l^arvodiol Is 

40 used, in particular a C 2 — C 6 -diol. However, preterenca la given tc 
1 , 2-propylena glycol and particular preference is given to 
etnyler.e glycol. The 1,2-diol is ganarally cted in as at least 
e;juL=olar ar^ount , preferably cp to 201 molar excess, in 
particular- up to 10% solar excete, base<2 cn the viaylory 

45 ciibc^ryllc e3ter. 
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Th* vinyl otbr cloava-;* in carried out in the prettenca of 
catalytic oj*ount» (froa about 500 to 5000 pp«, based on th« 
amount of diol ueed) of a otrong acid. U 3 -iful .trcn? acids arc, 
for oxanpia, pho»phoric acid, hydrogen chloride or, preferably! 
5 Mthan-onlfonic acid or p-toluenesul f onic acid or, particularly 
preferably, sulfuric acid or acid ion oxchinqora. 
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The vinyl ethnr cleavage proceeds exothcnnically (jmrally at 
iron About 5 to 50-C, in particular at from about 20 to 40«C. It 
io fc-spt vithin said range by cooling and/or controlling tha food 
rata of the viny loxya iky 1 carboxylate. The reaction tiae is 
generally from about 1 to 10 hours, in particular frcra about 1 to 
5 hours. 

The reaction ia carried out in a conventional coolable and 
beatable reaction vessel, preferably a stirred reactor, which M y 
be equipped vith a distillation apparatus and condenser. 

2o reaction may be carried out continuously or batchvi.g. it is 

preferably carriad cut under reduced pressure (frca 1 to 100 
nbi.r ) . 

Diol and ecid are expediency charged into the reaction apparatus 
25 and the vinyloxy eater ia slowly added under reaction condition. 

Alcoholysis of the vinyl ether vith 1,2-diols gives tha 
corresponding cyclic acafcalg, as are disclosed by, inter alia, 
Bouben-Weyl, Kethoden der Org. Cheai. (Kethcdj in organic 
chcrustry], VI/3. 1965, pp. 329-330, which *ay be readily isolated 
by distillation. The distillation nay be porforad under reduced 
preasura or by atripping with air. 
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Altar coaplation of the reaction, the catalyst can be neutral' ted 
with a base, og. alkali aetal cxido or hydroxide, bic-rbonate o~ 
carbonate, or alkaline earth cvstal oxide or hydroxide, 
bicarbonate cr carbonate, vith or without a little va'er, and 
separated off. Any excess diol still present is ad-/ ant ageous It 
extracted, jointly at the sarve ti*e. The end product is generally 
produced in adequate purity, and does not requira farther 
purification, ihs yield is at least 95*. An addi-'c-^l 
purification by distillation under reduced pressure nay proceed 
in a conventional canr.er. 
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The acetal forced in the reaction is continuously distilled off. 
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Tho «x»pl„ bclov Hh»tr*t. th« invontion, but vlthout 
restricting It to thcsn. Percentages aro moll. 

^ Example t (Trar.tetterif Ication) 

In a etirrcd reactor htvfn? An attached distillation, column, a 
mixture of 348 g of 4 -viny loxybu tsnol , ICCa 9 of »ethyl 
Biothacrylatc, 10.5 g of titanium to trab-Jt oxide, 1 g of 

1Q phenothiazine and 0.5 7 of hydrcquir.one monc^thyl ether Is 

hcate>d to boiling, 10 1 of air b«i»g continoou»ly Introduced into 
the reaction «Uxtu-.e. The methanol forrod in *he reaction I. 
continuously ejected at the top of the colunn as an a«otrcp* 
with aothyl aiethacrylate. After a reaction tl«a of 5 houre, the 

15 reaction mixture is worked up by distillation under reduced 

Pre ' sur> ' tho "covered excess methyl rwthacrylito being reused 
501 g of 4-vinyloxybutyl wthdcryUte <b.p. S2-33«C/4 nbax) ara ■ 
obtained. The yield Is 91\. 

2o Exaaplo 2 (vinyl ether cleavage) 

112 g of ethylene glycol and £0 ng of sulfuric 4 cid ax« 
introduced into a coolable stirred reacts- equipped vi*h a 
distillation apparatus and 333 g of 4-viny loxybctyl aethacrylate 

25 (st^liicd with 350 ;>pn of hydro^uinone wnowthtl ether) are 
added, the pressure, in the reactor txsing 10 mbax/ibe addition is 
controlled in *uch a scanner that the reaction fixture cms not 
exceed 350c. The acetal forced in the reaction it continuous 
diatilled off (b .p. 82«C). After a reaction fcb=» e f 3 hours, { hQ 

30 fixture is neutralized with 0.5 3 of cugne.iun oxide and 

filtered. 281 g cf 4 -hydroxy butyl mathacrylate having a parity 
determined by gas chromatography of 97* (yield: 9S\) axe 
obtained. The dir s thacrylate content is less than 0.1%. 
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W« clAinti 

1. propose for preoerinq ui-hydroxyti >tni of a , p - unsaturated 

corboxyllc aoica, vhich 

a) an eetsr o£ tho a , p-un»atur &!:«d carboxylic acid is 

tr&nseslerlf led by a vtny lory-cent a inir.g alcohol in tha 
presence of basic catalysta to give tha cor re spending 
vinyloxy cnrboxylic «itcr, ana 
bj the vinyloxy ca-.^oxyllc eater is reacted ir. the presence 
Ql otrong aclda as catalyst to give the corresponding 
.tir-hydroxyeater , 
vhich comprises carrying out step b) in tha prosencs of an 
15 alcohol. 

2. A process as cUL-wd in claim 1, vherain the alcohol used is 
a 1,2-diol cr a 1,3-dioi. 

20 

3. X process as claimed in claia 1 or 2 , vherein the estsr of aa 
a, p-enscturat «d carboxylic acid used in step a) corresponds 
to tha forrsula I 



25 



30 



3S 



Rl— C H = <p-C-0— Q (IJf 
R3 O 

tho vinyloxy-containin? alcchol used in step a} corresponds 
to tho formula II 



the vinyloxy carbcxylic ester prepared in step a) corresponds 
to the formula III 



i 



40 and the- or- hydroxy ester prepared in step b) corresponds to 

the formula IV 



Rl CE=C — C — G h 0? (IV) 



45 



VI 
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R l is H or Ci-C 4 -al)tyl, 

is M cr CHj, 
.< ia a C*-C] 2-a l)ty lcric^ 

CHjlntCCE!^) — 

n 

or -(ca 2 ) Q -B-{cn 3 ) ? , 
Q ia Ci-C 6 -«l*yi, preferably CHj or C^Rj, 
P. 3 ia H or CH 3 , 

B is an arylene, in particular phenylene, cycloalkyleno , in 

particular cyclopcnty lene or cycloheryler.e or an oxygen, 
n i3 a nuatwr in the ran-;a frets 1 to 10, and 

o and p independent ly of .one ancth*r are a number In the 
range from 1 to 5. 



4. X process as claixed in cr.e of tha preceding claims, wherein 
the ester of the a , ^-unsaturated cerboxylic acid used in Etep 
a) io An enter c£ acrylic cr ae tha cry lie scid with a 

23 Ci-C^-alcchol - 

5. A process aa cla^d in one of the preceding claims, vhereia 
the alcohol used in 5-vinylcxypentano 1 , S-viny loxyhexanol or, 
in particular, 4-vinylojrytra tanol . 

30 

6- A process as claim«d in ore of the preceding claJjna, vh-rein 
the alcohol and eater costponenta are ured in the 
transeaterification reaction in a jtolar ratio of froa about 
It 1.5 to 1:10, in particular froa about 1:2 to 1:6. 

7. X process as claisved in enc of the preceding claims, vher-sin, 
as basic catalysts, use is made of 2iiccr.ica 
acetylacctonates , dialkyitin oxides, lithiux. salts or 
calcius oalt3 cr their oxides or hydroxides, or, in 
particular, t it an i en alkoxidea. 

8. A process ao claised in one of the preceding claims, vhezeia 
tha basic catalysts are used in an «=ount of froci 0.05 to 10* 

45 by weight, in particular frca Q . 1 to S\ by vei-jht, in each 

caso based on the reaction mixture. 
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9. A procons no claimod in one ot the preceding claims, wherein 
tho viny loxyc*rt>oxyl lc mtcr in atep a) ia puriti«d by 
dintil lation without p r i° r renovnl of tha ca»alyo? or 
nou tra li z aticn . 

10. A process as cliimod in on« ot the preceding claims, vherein 
tha 1,2-diol used ia ethylene glycol or 1 , 2-p.ropy ler.-? glycol. 

11. A process as claimed in one of thg preceding claims, vherein 
the 1,2-diol is used in from about 0 to 30\, in particular 
from atout C to 10\, rolar excess, baeed cn the 
vinyloxycarboxy lie cater. 

m 12. A process as claimed in one ot the preceding claine, vherein 
the strong ^cici used phosphoric acid, hydrogen chloride 
or, in particular, rsethanc-aulfonic cr p- tolueneau 1 f onic tcid, 
sulfuric acid or acid ion exchangers. 

20 13. A process as claimed iT one of the preceding claims, vherein. 
in 3tap b), the reaction is carried out at froa about 5 to 
5 C^C , in particular from about 20 to 49 c -r:. 



25 



14. A procosB *5 claimed in one of the preceding cI^Lt.s, wh*rein 
step b) ia carried cut at reduced preesura cr w~..h 
tlr-st ripping . 
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